Summary Polytene complement of Parasarcophaga ruficornis (Sarcophagidae: Diptera) has been analysed to provide data on intercalary heterochromatin (IH). The location of weak points and ectopic contacts has been attributed to the presence of IH in the polytene complement.
The term Intercalary Heterochromatin (IH) was introduced by Kaufmann (1939) in his studies on polytene chromosomes of Drosophila melanogaster. Since then numerous reports on the distribution of break and weak points on polytene chromosomes in Drosophila spp. have established that breaks occur much more frequently in IH than in other chromosome regions (see review Ananiev et al. 1978 , Mukhina et al. 1981 , Zhimulev et al. 1982 , Bolshakov et al. 1985 , Zhimulev 1998 . Zhimulev et al. (1982) distinguished several types of weak points on polytene chromosomes of D. melanogaster viz. i) constrictions i.e. local attenuations of material between bands, ii) breaks, iii) semibreaks i.e., cracks along the bands forming V shape and iv) shifts i.e. the broken parts moved relative to each other. Moshkin et al. (2001) while examining the different aspects of IH in the region 89E1-4, the locus of the Bithorax complex, in salivary gland polytene chromosomes of Drosophila melanogaster described a similar variety of morphologies.
Besides this, an infrequent non-homologus association between different chromosome arms in the salivary gland chromosomes of D. melanogaster has been reported by several workers (Bridges 1935 , Kaufmann 1939 , 1944 , 1946 , Kaufmann et al. 1947 , 1948 , and, referred to as "ectopic pairing" by Slizynski (1945) and Kaufmann and Iddles (1963) . Many of the ectopically paired regions behave as 'weak points' and appear as constrictions (Prokofieva-Belgovaskaja 1941 , Kaufmann and Iddles 1963 , Zhimulev 1998 . Thus, ectopic pairing is not at random and the sites that pair ectopically correlate well with the sites that are frequently the weak points. It is established that the identification of IH regions is well manifested by 2 criteria i) the presence of breaks or weak points and ii) ectopic pairing.
In the present communication the occurrence of intercalary heterochromatin expressed as weak points and ectopic contacts in the pupal foot pad polytene complement of Parasarcophaga ruficornis has been analysed.
Material and methods
Laboratory stocks of Parasarcophaga ruficornis have been used throughout this study. The foot pads of male 7-8 d old pupae were dissected out in insect saline. The pupal cuticle was removed, foot pads fixed in aceto-alcohol, stained in aceto-orcein and squashed under clean coverslips. Different types of weak points i.e. breaks, semibreaks, constrictions and shifts, and, ectopic contacts were scored from such temporary squash preparations in 100 cells. 
Observations
Polytene complement of male Parasarcophaga ruficornis comprises of 5 autosomal elements (pairs II-VI) and a mass of heterochromatic granules corresponding to the mitotic sex chromosomes (pair I) (Srivastava et al. 1982 , Kaul and Tewari 1983 , Kaul et al. 1983 , 1989 . 
Localization and frequency of weak points
The spontaneously occurring weak points or IH regions appear to be distributed on all the 5 polytene chromosomes. Total number of weak points (considering all types as distinguished by Zhimulev et al. 1982 i.e. break, semibreak, shift and constriction) counted in entire polytene complement is 55. Only the major weak points are considered in this paper and their frequencies are presented in Table 1 .
Chromosome II (Figs. 1a, b and 3b): In chromosome II the major weak points are in the regions 3B, 4B/5A, 5A, 5B/C, 6B/7A*, 8B, 8C/9A, 10C/11A and 11B/12A. The region 5B/C has the highest break frequency and mostly only 1 of the homologues is affected. The presence of the constriction at the region 8C/9A and semibreak at 3B and 4B/5A is characteristic of chromosome II. The region 11B/12A frequently shows shift phenomenon.
Chromosome III (Figs. 1c, d and e): Regions 2B, 4A/B, 4C, 5B, 6A/B, 6B/C, 6C/7A* and 8A are characterized as weak spots of chromosome III, with the highest frequency of breaks at 6B/C and 6C/7A. Semibreaks are very common in regions 2B and 8A, while a constriction is frequently observed at 6A/B. Chromosome IV (Figs. 1f, g and h): Only seven regions are localized as weak points on the right arm of chromosome IV. Left arm is more or less devoid of any such points except in the region 7A/B with a very low frequency of constrictions or shifts. Regions 4B/5A along with 6C/7A* and 6B/C of right arm of this chromosome are characterized by high frequency of constrictions and breaks, respectively. Semibreaks and shifts both are common in region 2B.
Chromosome V (Figs. 2a and c): Weak spots are found on chromosome V at the regions 2B/3A, 3A, 3B, 4B/5A, 5C/6A*, 6C/7A, 7B and 8B/C. In this chromosome region 3B is even more sensitive to breaks than the region 5C/6A which is the centromeric region of this chromosome. Constriction is common at the region 4B/5A and semibreak at 8B/C.
Chromosome VI (Figs. 2b and d ): Very few weak points are observed in the right arm of chromosome VI. Region 5B is more noticeable in having high frequency of constrictions.
A perusal of Table 1 shows that in all the 5 polytene chromosomes certain IH regions have a significantly higher break frequency than others. The regions 6B/7A of chromosome II, 6C/7A of chromosome III and IV and 5B/6A of chromosome VI where a very high break frequency is encountered are the established centromeric regions of these chromosomes (Tewari 1980 , Kaul and Tewari 1983 , Kaul et al. 1983 .
Association of ectopic contacts and weak points
In Parasarcophaga ruficornis most of the weak points on polytene chromosomes take part in ectopic pairing (Table 2 ). The telomeric end of right arm of chromosome II often turns back to form an ectopic contact with the region 5B/C of the same chromosome thus resulting in the formation of a big loop (Fig. 3b) .
Similarly a small loop is formed in chromosome IV where region 6B/C turns to make an ectopic contact with region 4B/5A of the same chromosome (Fig. 3a) . Besides these certain regions of other chromosomes which show a high break frequency also are prone to ectopic pairing. Highest frequency of ectopic contact is found between 6B/C of chromosome III and 3B of chromosome V, and between 6B/C of chromosome IV and 5B region of VIth chromosome (Figs. 3c and d) .
Simultaneous ectopic pairing of regions 6B/C of chromosome III, 6B/C of IV, 3B of V and 5B of VI is very frequently observed (Fig. 3e) . Such multiple ectopic contacts have been reported in Drosophila polytene chromosomes by Zhimulev et al. (1982) who have termed these as 'ectopic knots'. Some times heterochromatic granules of sex mass are found associated to these ectopically paired regions (Fig. 2d, 3d and e).
Discussion
Hannah (1951) defined IH as not cytologically differentiated from euchromatin, but appears to be distributed throughout the chromosomes, possibly as single band or even long segments. Its presence is inferred because it has the properties, like centromeric heterochromatin, of high breakability, ectopic pairing and possibly modification of variegation.
In our study the spontaneously occurring weak points on the polytene chromosomes of Parasarcophaga ruficornis display features of typical IH regions. Bultmann and Mezzanotte (1987) observed several weak points in foot pad polytene chromosomes of Sarcophaga bullata at which chromosomes break most frequently. Hershfield and Swift (1990) in their study on the characterization of tandemly repeated DNA of the flesh fly Sarcophaga bullata reported that blocks of short interspersed repetitive DNA occur throughout the Sarcophaga genome in both heterochromatin and euchromatin. Since there is a homology in banding pattern of polytene chromosomes of S. bullata and Parasarcophaga ruficornis (Tewari 1980) there might be a possibility of interspersed repetitive DNA in the genome of P. ruficornis which is distributed at IH regions on all the five polytene chromosomes characterized in this study by the presence of weak points. The weak points are believed to be a consequence of incomplete polytenization of chromosome regions (Barr and Ellison 1972 , Lefevere 1976 , Zhimulev et al. 1982 , Zhimulev 1998 .
Some of the weak points of the P. ruficornis genome show ectopic pairing either within the same chromosome (Chr. II and IV) or between chromosomes. Bridges (1935) reported that in salivary gland polytene chromosomes of D. melanogaster a loop is often formed in the left arm of chromosome 2. Bridges went on to point out that the occurrence of homologies (in the sense of morphologically similar regions) at different sites along the same chromosome can be viewed as a "-demonstration that certain sections of normal chromosomes have actually been built up in blocks through such repeats-". But later several in situ hybridization studies indicated that ectopic pairing commonly involved the multiple sites of reiterated loci (Wen et al. 1974 , Pardue et al. 1970 , Henderson et al. 1973 . Zhimulev et al. (2003) have compared the morphological characteristics of IH with other types of silenced chromatin such as pericentromeric heterochromatin and regions subject to position ef-fect variegation. They suggest that IH regions in polytene chromosomes are binding sites of silencing complexes, binding of which in turn leads to appearance of condensed chromatin and underreplication in polytene chromosomes and ectopic pairing.
